OBJECTIVE Resident work hour restrictions have been mandated in the USA largely out of concern that sleep deprivation compromises doctor performance and patient care. However, individualsÕ ability to recognise the effects of sleep deprivation has not been studied in medical education. We examined the perceived impact of sleep deprivation among different groups of postgraduate medical trainees.
OBJECTIVE Resident work hour restrictions have been mandated in the USA largely out of concern that sleep deprivation compromises doctor performance and patient care. However, individualsÕ ability to recognise the effects of sleep deprivation has not been studied in medical education. We examined the perceived impact of sleep deprivation among different groups of postgraduate medical trainees. METHODS A survey addressing work hours, sleepiness and daily functioning was mailed to all residents in the internal medicine, surgery and psychiatry programmes at the University of Toronto who were working at 6 different teaching hospitals. The mailing included the Epworth Sleepiness Scale (ESS), measuring acute sleepiness, and a new Sleep Deprivation Impact (SDI) scale, consisting of 12 items designed to measure the perceived impact of sleep deprivation on an individualÕs own performance. RESULTS Overall, 62.5% of surgery (95/152) and 59.5% of non-surgery residents (194/326) completed the survey. Surgery residents reported working longer hours per week (83.0 versus 62.5 hours; P < 0.01), and scored higher on the ESS (12.8 versus 9.2; P < 0.01) compared with other residents. Surgery residents scored significantly lower than others on the SDI scale (45.2 versus 51.5, P < 0.01), indicating less perceived impact of sleep deprivation on performance.
CONCLUSIONS These results are consistent with the presence of an underlying culture within surgery in which individuals may be less willing to accept a natural limitation of individual performance. Whether these findings represent an actual resilience to sleep deprivation among surgery residents or a misperception within this group remains to be determined. INTRODUCTION Long hours and little sleep have long been considered a rite of passage in medical training. However, pressure from within the medical community and society at large have recently resulted in changes to this practice in the interest of patient safety. These changes are consistent with overwhelming evidence from laboratory-based sleep studies that suggest sleep deprivation impairs mood, cognitive and motor performance. 1 Likewise, recent studies of doctors have demonstrated that they do not perform as effectively after a night without sleep 2 and as a result may be at risk for making increased medical errors. A recent study by Arnedt et al. investigating acute sleep deprivation demonstrated impairments in neurobehavioural functioning following a night on-call that was equivalent to functioning in an acutely intoxicated state. 4 Chronic partial sleep deprivation can also be significant. Although there are slight variations in individual sleep requirements, 5 chronic reduction in sleep time by even a few hours can affect multiple aspects of physiology and psychological functioning, with significant consequences noted below a minimum ÔcoreÕ sleep requirement of 6.5 hours. 6 Residents in doctor training programmes report several aspects of performance to be affected by sleep deprivation, including decreased professionalism when interacting with patients, difficulty with complex cognitive tasks resulting in increased risk of misdiagnoses, and impaired learning. 7 Similar results have been reported in other survey-based studies in both medicine 8 and surgery 9 residents. Other factors associated with sleep deprivation include mood disturbances and burnout among residents. 10 The ability of individuals to accurately perceive the effects of impairment on performance has not been as well studied. Self-assessment in general has been found to be unreliable among doctors, 11 and there is evidence to suggest that sleep deprivation may further limit an individualÕs ability to assess his or her own performance. 12 Understanding individual perception regarding the impact of sleep deprivation on personal performance has important clinical as well as educational implications. As duty hours among practising doctors and compliance with work hour regulations among doctor trainees are ultimately selfregulated, denial of the effects of fatigue, like any possible source of impairment, may lead tired practitioners to continue working in a compromised state.
There is also evidence that different medical specialties may not hold the same perceptions of the effects of sleep deprivation on performance. One survey demonstrated that a higher proportion of surgeons (70%) denied the effects of fatigue on their clinical performance, compared with anaesthetists (47%). 13 The current study examined the work patterns of residents at a large, urban academic institution and the perceived impact of sleep deprivation on their individual performances. In particular, we were interested in determining if any differences in perception exist between different groups of resident trainees. Our hypothesis was that surgery residents would report more resilience to the effects of sleep deprivation, as a reflection of the underlying culture of surgery.
METHODS

Survey design
The survey instrument was developed from a review of the literature in consultation with a diplomate of the American Board of Sleep Medicine (author BJM). Resident doctors from different specialties were also consulted to ensure applicability and comprehensiveness of the issues being studied. The survey was designed to elicit several types of information, including basic demographic data, current work hour practices and sleep requirements. Eighteen questions were formatted on a 5-point Likert scale to examine perceptions about the impact of sleep deprivation on clinical performance, including effects on professional behaviour and patient care. Of these 18 items, 12 were identified as relevant to the entire study population. Questions addressing technical or surgical skills, for example, were omitted from the scale as they would not apply to psychiatry residents. The scores for these 12 questions were summed and the resulting index referred to as the Sleep Deprivation Impact (SDI) scale. Higher scores reflect greater concern about perceived problems caused by sleep loss.
Also included in the survey were questions regarding individual ability to adapt to a sleep-deprived state,
Overview
What is already known on this subject Sleep deprivation affects performance on a variety of general tasks. However, some people believe that sleep deprivation does not affect them, in the face of evidence to the contrary.
What this study adds
On a day-to-day basis, surgery residents report a higher level of subjective sleepiness than other groups of residents, but surgery trainees believe that sleep deprivation does not affect them, compared with trainees in psychiatry or internal medicine.
Suggestions for further research
Further research should test surgery trainees directly for cognitive or technical performance while under conditions of sleep deprivation to determine if the perceived effects of sleep deprivation are accurate.
post-call work hours and a modified version of the Epworth Sleepiness Scale (ESS).
14 The ESS requires individuals to rate their immediate likelihood of falling asleep in a number of common scenarios. It is used to distinguish between highly alert and sleepy individuals and has been validated against objective measures of sleepiness. 15 In this study the ESS was modified slightly such that participants were asked to reflect back on a typical time when on rotation in their own specialty and not post-call. Prior to distribution, the survey instrument was piloted in a small group (n = 6) of junior residents for acceptability and readability of items.
Subjects
Paper surveys were mailed to all surgery (n = 152), internal medicine (n = 221) and psychiatry (n = 102) residents at the University of Toronto in postgraduate year 2 (PGY-2) and above. These specialties were chosen to reflect a maximal diversity of trainees with respect to work patterns and attitudes. Residents at this institution undertake their clinical training by rotating through 6 large public hospitals. A total of 3 mailings occurred. Separate response cards allowed for tracking of respondents in order to minimise repeated mailings to individuals who had completed the survey, while ensuring anonymity of respondents.
Data analysis
All statistical analyses were performed using a commercially available computer software package (SPSS Version 11.5; SPSS Inc., Chicago, IL, USA). Standard descriptive statistics (frequencies, percentages and means) were used to characterise the sample population. StudentÕs t-tests and chi-square analyses were performed to look for group differences based on specialty, gender, marital status and level of training. CronbachÕs alpha was calculated to measure the internal consistency of the 12-item SDI score. The proportion of the total variance in SDI score that is attributed to group (eta-square) was also determined.
RESULTS
Demographics, work hours and sleepiness
Overall, 62.5% (95 ⁄ 152) of surgery and 59.5% (194 ⁄ 326) of non-surgery residents completed the survey. Surgery residents reported working longer hours per week (83.0 versus 62.5 hours; P < 0.01) compared with other residents and scored significantly higher on the ESS, indicating they felt more sleepy than non-surgery residents (12.8 versus 9.2; P < 0.01) ( Table 1) . PGY = postgraduate year; SD = standard deviation 289 ⁄ 475 (60.8%) residents responded to the survey. Data are expressed either as means (± SD) and compared by t-tests (* P < 0.01) or as frequencies and compared by chi-square analysis ( P < 0.05). Percentages may not sum to 100 because of missing data Sleep Deprivation Impact (SDI) score
The items comprising the SDI scale are listed in Table 2 . Internal consistency of the 12-item SDI scale was 0.89. Although both groups of residents agreed that individual performance was impaired by sleep deprivation, surgery residents scored significantly lower on the SDI scale (45.2 versus 51.5; P < 0.01), implying they perceived sleep deprivation to have less impact on their performance. Group accounted for 15.4% of the variance in total SDI score.
When asked about procedural performance when deprived of sleep, surgery residents scored significantly lower than medicine residents (Table 3) . Mean scores of all items, in addition to the mean summed score, are reported (* P < 0.01, P < 0.05, t-test) Likert scale: 1 = strongly disagree; 2 = somewhat disagree; 3 = no opinion; 4 = somewhat agree; 5 = strongly agree To manage a code blue; a resuscitative effort involving a pulseless or unresponsive patient.
Perceived required amounts of sleep
When comparing themselves with others, surgery residents were more likely to believe that they required less sleep than residents in other programmes and that they had adapted to sleep deprivation since the start of residency (Table 4) . There was, however, no difference across specialty in the number of hours of sleep that residents reported needing to function well (4.6 versus 4.9 hours).
Working late post-call
Residents were asked how often they stayed late at work post-call, defined arbitrarily as longer than 1 hour after the Ôpost-call home at noonÕ rule mandated for residents in Ontario. Surgery residents reported staying late more frequently than nonsurgery residents (Table 5) , and perceived pressure to stay late post-call.
Subgroup analyses
Analysis of data within groups revealed few differences. Within the surgery group female residents reported working longer hours than male residents (90.8 versus 81.6 hours; P < 0.01) but showed no difference in ESS scores as a result (12.6 and 12.9, respectively). Within the non-surgery group, female residents were less likely to perceive themselves as SD = standard deviation ResidentsÕ responses about their own sleep requirements. Mean Likert scores are reported (* P < 0.01, P < 0.05 t-test) Likert scale: 1 = much less; 2 = slightly less; 3 = same; 4 = slightly more; 5 = much more ResidentsÕ responses about their post-call work patterns and sources of perceived pressure to stay longer. Mean Likert scores are reported (* P < 0.01, t-test) Likert scale: 1 = never; 2 = almost never; 3 = sometimes; 4 = often; 5 = very often able to adapt to less sleep with time compared with male residents (3.29 versus 2.91; P < 0.05). In both groups, junior residents (PGY-2) reported working longer hours per week compared with more senior colleagues, but only in the non-surgery group were the results significant (69.7 versus 59.9 hours; P < 0.01). Corresponding with this result, these junior residents scored significantly higher on the ESS (12.9 versus 8.54 for senior residents within the non-surgery group; P < 0.01). Within the surgery group, senior residents scored lower on the SDI compared with junior residents (44.5 versus 48.7; P < 0.05) indicating a perception of increased resilience to sleep deprivation in this more experienced group.
Finally, some differences reflective of specialty were noted within the groups. Medicine residents reported working longer hours per week (67.3 versus 50.6 hours; P < 0.1) and were sleepier (9.9 versus 7.6 on the ESS; P < 0.01) than psychiatry residents. However, no difference was noted in SDI scores between these 2 specialties (51.6 for medicine and 51.3 for psychiatry).
DISCUSSION
Work hours and sleepiness
As has been reported in other institutions, 16 surgery residents who participated in this study appear to work longer hours than residents in other specialties. Our data suggest that at least some of these additional work hours may occur during the post-call period, as surgery residents report leaving the hospital later than other residents. It is not surprising then that, on a daily basis, surgery residents report higher levels of sleepiness. Indeed, their level of sleepiness as scored on the ESS (mean = 12.8) is cause for concern as a score this high may be considered pathological: patients with obstructive sleep apnoea report a mean score of 11.7 14 and numerous studies have found an association between this condition and increased risk to personal safety as a result of excessive sleepiness (particularly in motor vehicle collisions). 17 Likewise, there is now increasing evidence that sleepdeprived resident doctors may be more prone to committing medical errors and experience a higher incidence of automobile collisions. 4, 18 Such observations are not beyond the purview of local policy makers. In 2003, for example, the New Jersey State legislature recognised the dangers of excessive sleepiness by ratifying MaggieÕs Law. 19 Not restricted to medical personnel, this law makes driving following more than 24 hours of sleeplessness a criminal offence.
Perception of the effects of sleep deprivation
Despite this increased potential for adverse events among surgery residents, in our study this group appeared less likely to appreciate the potential impact of sleep deprivation on their own performance, reporting significantly lower SDI scores than non-surgery residents. According to Cohen, 20 an eta-square value of 0.154 (suggesting that 15.4% of variance in total score could be accounted for by group) represents a moderate effect size of specialty as a factor in SDI score. Despite differences in sleepiness scores and reported work hours between medicine and psychiatry residents in the non-surgery group, no differences in SDI scores were detected, suggesting that this phenomenon may indeed be unique to surgery.
This study is not the first to report differences in the perceived impact of sleep deprivation. Sexton et al. 13 found that the potential impact of fatigue was better appreciated by airline pilots than by medical personnel, and that among health care workers, surgeons were more likely than anaesthesiologists to deny such effects. Together with our data on residents, these findings suggest that surgeons may perceive themselves as more resilient than other specialists, which is consistent with longstanding beliefs about the Ôculture of surgeryÕ. 21, 22 The observation that senior surgery residentsÕ SDI scores were significantly lower than those of junior surgery residents further suggests that the surgery environment itself may reinforce these beliefs.
These results do raise questions concerning the validity of self-reported work hours, as perception of relative immunity from sleep deprivation may promote a culture of non-compliance with work hour restrictions. This would support the suggestion for policing not only work hours, as is currently done in the USA, but also resident sleepiness (e.g. by an objective neurophysiological measure of sleepiness such as the psychomotor vigilance task 23 ) in order to augment the data on work hours reported.
Optimism bias
One explanation for the results presented here is that surgeons may be exhibiting a type of Ôoptimism biasÕ in which negative events are seen as less likely to occur to the individual than the group. 24 Such a misperception has been reported in the transportation industry among taxi and truck drivers, who acknowledge the potential detrimental impact of fatigue on the safety of other drivers, but not on their own. 25 In the current study, surgery residents reported needing significantly less sleep than residents in other programmes, but when asked pointedly how many hours of sleep they required to perform their job, their answer was no different from that of non-surgery residents (both groups reported requiring approximately 3 hours to function adequately and 5 hours to function well).
Alternatively, the possibility remains that surgeons are a self-selected group who are able to outperform others when sleep-deprived. To date, however, no study has directly compared performance on clinically relevant tasks among different groups of doctors. On the contrary, recent well controlled studies have contributed to accumulating evidence that surgeons are indeed susceptible to the effects of sleep deprivation. 2, 26, 27 With mounting evidence that doctor performance can be affected by sleep deprivation, it is important to promote an environment that acknowledges these potential risks to both patient and personal safety.
Self-assessment
Contributing to this optimism bias may be an inability to adequately judge performance when sleep-deprived. Dorrian et-al.
12 assessed night-shift workers on several standardised psychological tasks and concluded that subjectsÕ ability to predict performance impairment was moderate at best. Similarly, poor to modest correlations have been reported between perceived and actual performance during sleepdeprived states in both simulated and on-road driving tasks. 28, 29 Interestingly, results from the study by Philip et al. 28 indicated that self-assessment was weakest in the on-road situation, where real-life factors may indeed motivate subjects to fight against fatigue but may also lead to an inflated assessment of actual performance. The increased pressure to stay late post-call reported in the current study by surgery residents as compared with non-surgery residents may provide just such a motivational factor in the clinical environment. Further research is needed to determine if there is any foundation for such a claim.
Study limitations
An anonymous survey design was chosen for this study as it was felt to be the best way of encouraging both participation and honest responses, given the sensitivity of some of the questions. Residents at only 1 academic institution were surveyed and the applicability to other training programmes or to staff doctors has not been established (although some degree of generalisability can be inferred, given that this study was carried out in 6 different teaching hospitals). Although we had a very high response rate for this type of study (60.4%), it is possible that non-responders differed from the group of residents who responded to the survey. However, we were able to obtain information on the population of non-responders and found that they were very similar to the responders in age, gender distribution and PGY-level. In addition, the SDI scale consists of items that are worded in the negative voice, which may have prompted respondents. However, this was true for all 3 groups of residents and it is the comparison of responses that is most interesting and relevant in this study. Clearly, as this is a novel instrument, ongoing investigation of its reliability and validity are required.
Finally, the current study did not attempt to correlate perceived resident performance with actual clinical performance. Further work in this field should explicitly explore whether surgery residents possess an elevated resilience to the effects of sleep deprivation.
CONCLUSIONS
The results of the current study have important implications for both medical education and the practice of medicine. More specifically, they are consistent with the presence of an underlying culture within the surgery environment that is different from that in other specialties, and which may involve less willingness to accept the natural limitations of human performance. The existence of such a culture may explain, in part, the resistance of surgeons to recent work hour changes. In the USA, for example, although threats of disciplinary action against training programmes ensure high compliance rates to work hour restrictions, prominent opposition to such measures has originated almost exclusively from the profession of surgery. 30, 31 In Canada, where post-call work hour enforcement is less stringent, adherence to these guidelines is even more dependent on self-regulation. Optimism bias -such as has been described here -particularly if it is supported by the broader surgery culture, may promote non-compliance and ultimately endanger patient safety. 24 Moreover, it seems likely that attitudes and behaviours learned during residency will continue into independent practice where no work hour restrictions currently exist. At a time when evidence for the negative effects of sleep deprivation is mounting, it is imperative that all doctors, as self-regulated professionals, have an accurate understanding of this important issue.
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